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binding to a specific binding partner and/or a label. 



WO 2004/055213 



PCT/GB2003/005496 



TAGGED POLYFUNCTIONAL REAGENTS CAPABLE OF REVERSIBLY BINDING TARGET SUBSTANCES 
IN A PH-DEPENDENT MANNER 



Field of the Invention 

The present invention relates to polyf unctional reagents, 
5 and in particular to reagents that are capable of binding 
to target substances and comprise a tagging group which 
allows the bound target substance to be further 
manipulated or detected. The present invention further 
relates to methods of using and kits comprising the 
10 polyf unctional reagents. 

Background of the Invention 

Many methods for the extraction of nucleic acid are known 
including the use of phenol/chloroform, salting out, 
chaotropic salts and silica resins, affinity resins, ion 
exchange chromatography and magnetic beads, see for 
example US Patent Nos : 5,057,426 and 4,923,978, EP 0 512 
767 A and EP 0 515 484 A and WO 95/13368, WO 97/10331 and 
WO 96/18731. These methods suffer from a variety of 
disadvantages in that the reagents and conditions they 
employ are often toxic and contaminate nucleic acid 
samples or the methods involve harsh conditions that 
denature the target nucleic acid. 

25 EP 0 707 077 A (Johnson & Johnson) describes a synthetic 
water soluble polymer formed by addition polymerisation 
of an ethylenically unsaturated monomer having an amine 
group and its use to precipitate nucleic acids at acid pH 
and release at alkaline pH. It suggests using the 

30 polymer in a water soluble free form or attached to a 

water insoluble substrate such as an affinity column or 
polymeric, glass or other inorganic particles. The 
method disclosed in this application suffers from the 
disadvantage that the release of nucleic acids is 
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performed at extremes of pH, at high temperature and/or 
high salt concentrations where the nucleic acids, 
especially RNA, can become denatured, degraded or require 
further purification or adjustments before storage and 
5 analysis. By way of example, nucleic acid is bound at 

pH2 . 3 and released by sodium hydroxide and boiling for 10 
minutes at 100°C. 

WO 99/29703 (DNA Research Instruments Limited) discloses 
10 "charge switch" materials that are capable of reversibly 
binding nucleic acid at a first pH and then releasing it 
at a second, higher pH, where the conditions used to 
release the nucleic acid are mild and do not require the 
use of extremes of pH, heat or the use of toxic reagents. 
15 Further materials having charge switching properties are 
disclosed in WO 02/48164 (DNA Research Innovations 
Limited) , including biological buffers and polymerised 
forms thereof/ such as Bis-Tris (bis-2- 

hydroxyethyliminotrishydroxymethylmethane) and poly Bis- 
20 Tris. 

WO 99/29703 (Promega Corporation) discloses the use of 
solid phases for purifying nucleic acid which bind 
nucleic acid in a sample at a low pH and releasing the 

25 nucleic acid at a higher pH . The application exemplifies 
the use of solid phases incorporating histidine or 
polyhistidine groups. The nucleic acid binding materials 
are covalently linked to solid phases such as magnetic 
particles and there is no disclosure of the materials 

3 0 being further derivatised. 

Summary of the Invention 

Broadly, the present invention relates to polyf unctional 
reagents that are capable of reversibly binding to a 

2 
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target substance, wherein the reagents further comprise a 
tagging group for manipulating and/or detecting the 
target substance when bound to the polyf unctional 
reagent. In particular, the present invention relates to 
5 the binding of target substances such as nucleic acid, 
proteins, polypeptides, cells, cell components, 
microorganisms or viruses using a charge switch compound 
which is capable of binding the target substance at a 
first pH and then releasing it at a second pH, usually 
10 higher than the first. Charge switch compounds are 

described in WO 99/29703 and WO 02/48164. The tagging 
group or groups is typically a label or a member of a 
specific binding pair. In some aspects, the 
polyf unctional reagents are soluble, e.g. water soluble. 
15 As indicated herein, in other embodiments, the tagging 
group of the polyf unctional reagent may be employed to 
bind it to a solid phase. 

Accordingly, in one aspect, the present invention 
provides a soluble polyf unctional reagent which is 
capable at a first pH of binding to a target substance 
and is capable at a second pH of releasing the target 
substance, wherein the reagent further comprises a 
tagging group for manipulating or detecting the target 
substance when bound to the polyf unctional reagent . 

Thus, the present invention provides a way of 
manipulating or detecting target substances which are 
bound to charge switch materials. As discussed further 
30 below, in preferred embodiments, the reagents are water 
soluble polymers formed from two or more monomeric units 
by addition, condensation or cross-linking that are 
capable of reversibly binding to target substance and 
especially nucleic acid. This enables the polymers to 

3 
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bind to the target substance in the liquid phase where 
the binding kinetics are usually superior, and then the 
complex of the reagent and the target substance can be 
detected and/or manipulated by virtue of one of more 
5 tagging groups linked to the reagent. In a preferred 

embodiment, the tagging group is a specific binding pair 
member that can be captured on a solid phase on which its 
binding partner is immobilised and/or is a label that can 
be directly or indirectly detected. For binding 

10 negatively charged target materials such as nucleic acid 
and some proteins, the first pH at which binding takes 
places is lower than the second at which the target 
substance can be released from the poly functional 
reagent. For binding positively charged target 

15 materials, the first pH is typically higher than the 

second, with the target substance released at the second 
pH by reducing the negative charge on the polyf unctional 
reagent . 

Typically, the polyf unctional reagent will be water 
soluble. For the avoidance of doubt, in the present 
invention, the polyf unctional reagent are generally 
soluble when added to systems, but may become insoluble 
upon binding to the target substance. By way of example, 
some of the polymeric materials disclosed herein 
precipitate on binding to nucleic acid. As indicated 
above, the tagging group of the polyf unctional reagent 
may also be used as a way of immobilising the reagent on 
a support prior to contact with a sample containing the 
target substance. 

In a further aspect, the present invention provides a kit 
comprising a polyf unctional reagent as defined herein, 
optionally in combination with one or more other 

4 
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components. In particular, the kit may comprise a solid 
phase having the binding partner of the specific binding 
member immobilised thereon. For example, magnetic or 
paramagnetic beads may be coated with streptavidin to 
5 bind to biotin labelled poly-tris polyf unctional reagent. 

In a further aspect, the present invention provides a 
method employing a soluble polyf unctional reagent which 
is capable at a first pH of binding to a target substance 

10 and is capable at a second pH of releasing the target 
substance, wherein the reagent further comprises a 
tagging group for manipulating or detecting the target 
substance when bound to the polyf unctional reagent, the 
method comprising: 

15 contacting a sample containing a target substance 

with the polyf unctional reagent under conditions where 
the target substance binds to the polyf unctional reagent ; 
and 

manipulating or detecting the reagent and/or the 

2 0 bound target substance. 

In preferred embodiments, the target substance is nucleic 
acid. In the present application, nucleic acid includes 
single or double stranded DNA, RNA or oligonucleotides. 
25 It includes non-genomic nucleic acid, such as cellular 
vector DNA or RNA, self -replicating satellite nucleic 
acids or plasmid DNA, and genomic nucleic acids, such as 
host cell chromosomes and ribosomal RNA. As nucleic acid 
is negatively charged, it can be bound by the reagent at 

3 0 a first pH at which the charge switch portion of the 

reagent is positively charged and then released at a 
second, higher pH at which the reagent is less positive, 
neutral or negatively charged. This is discussed in more 
detail in the section on charge switch materials below. 
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However, in other embodiments, the target substance may 
be a protein, a polypeptide, a cell or a component of a 
cell, a lipid, a carbohydrate, a virus or a 
5 microorganism. The present invention can be used to bind 
target substances that are negatively charged, such as 
nucleic acid, some polypeptides and cells, or substances 
that are positively charged, for example polypeptides 
such as histones or lysozyme or a virus particle, some of 

10 which have a net positive charge. By way of example, 

these materials could be bound using a polyacrylic acid 
polymer to bind the substance around a neutral pH and 
then releasing the substance by reducing the pH, e.g. to 
below pH 4 to reduce the charge on the polyf unctional 

15 reagent . 

Conveniently, the tagging group is a label and/or a 
member of a specific binding pair. Preferably, the 
reagent includes a plurality of tagging groups to 
20 increase the affinity of the interaction between the 

reagent and any binding partner or to increase a signal 
from label groups, to facilitate detection. 

In the present invention, the use of the tagging group to 
25 detecting the reagent and any bound target material 

includes detecting labels directly or indirectly. The 
labels include: 

(1) Fluorescent labels, such a fluorescein 

3 0 isothiocyanate, or combinations of labels to provide 
acceptor and donor (FRET) systems or polarised 
fluorescence systems . 

(2) Enzyme labels which act, directly or indirectly, on 

6 
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a substrate to produce a detectable result, e.g. horse 
radish peroxidase or alkaline phosphatase. 

(3) Chemiluminescent labels such as Luninol . 

5 

(4) Radioactive labels such as Iodine-125. 

(5) Colorometric compounds such as dyes, e.g. Cibacron 
Blue, or coloured latex particles. 

10 

(6) Agglutination labels that cause changes in light 
scattering, e.g. gold sols. 

Thus, in one embodiment, the present invention provides a 
15 method of generically labelling target substances, and 
especially nucleic acid, by contacting the target 
substance with a polyf unctional reagent comprising a 
tagging group which is a label so that the polyf unctional 
reagent binds to the target substance and detecting the 
20 polyf unctional reagent /target substance complex using the 
label . 

In the present invention, the term " specific binding 
pair" is used to describe a pair of molecules comprising 

25 a specific binding member (sbm) and a binding partner 

(bp) which have particular specificity for each other and 
which in normal conditions bind to each other in 
preference to binding to other molecules. The 
interaction of the specific binding pair is typically non 

3 0 covalent . The term "specific binding pair" is also 

applicable where either or both of the specific binding 
member and binding partner comprise just the binding part 
of a larger molecule. 



7 
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Examples of a specific binding pair include an antibody 
and an antigen, a label and an antibody capable of 
binding the label, biotin and avidin or streptavidin, a 
ligand and a receptor, a lectin and a carbohydrate, an 
5 enzyme and a cof actor or substrate, a bacteriophage 

binding to microbial cell walls or a component thereof, 
cells binding via receptors or antibodies or lectins, 
oppositely charged ionic groups, redox/electrochemical 
groups, a chelating group and its binding partner, two 

10 hydrophobic substances that are capable of binding to a 
each other in an aqueous system such as a dye, a phenyl, 
aliphatic chains, cyclic dextrans, fatty acids, a nucleic 
acid intercalating group and nucleic acid, or a nucleic 
acid molecule capable of hybridising to a complementary 

15 nucleic acid sequence, including mRNA, polydT, RNA, PNA, 
primers, oligonucleotides and other polynucleotide 
interactions . 

Preferred specific examples of specific binding pairs 
20 include biotin and avidin, biotin and streptavidin, 
fluorescein isothiocyanate (FITC) and an anti-FITC 
antibody, an ant i-digoxygenin antibody and digoxygenin, 
maltose binding protein and maltose, glutathione binding 
to GST, an ethidium bromide or Cy3 intercalating group 
25 and nucleic acid, Ni 2+ ion and polyhistidine (e.g. hexa- 
His) and Concanavalin A binding to sugar residues. The 
Sigma catalogue 2000-2001 on page 1922 provides examples 
of specific binding pairs of reagents. 



3 0 Alternatively or additionally, the tagging group permits 
the reagent and any bound target materials to be 
manipulated, for example allowing the target substance to 
be separated from a mixture where it is present with 
other materials, by contacting the target substance with 

8 
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a solid phase on which the binding partner of the 
specific binding member has been immobilised so that the 
specific binding pair bind the f unctionalised reagent and 
any bound target substance to the solid phase, thereby 
5 allowing it to be separated from the mixture. 

By way of example, a f unctionalised reagent has one or 
more biotin or avidin/streptavidin tagging groups and can 
be contacted with a mixture of nucleic acid and other 

10 materials (e.g. resulting from lysing cells) and then the 
bound nucleic acid can be separated using a solid phase 
on which its binding partner is immobilised. After 
binding the nucleic acid can be released into solution 
(e.g. into PCR or storage buffer) by changing the pH. 

15 Alternatively, the solid phase with the target substance 
can be added directly to a reaction mixture, e.g. DMA on 
a bead can be added to a PCR reaction directly. 

In an alternative, preferred embodiment, the 
2 0 polyfunctional reagent comprises a detectable label that 
is also a specific binding member capable of binding to a 
binding partner immobilised on a solid phase. An 
illustrative example of this is provided in example 1 in 
which the polyfunctional reagent is polyTris labelled 
25 with FITC as the isothiocyanate groups of the FITC are 
reactive towards the hydroxyl groups of the poly-Tris. 
This reagent is capable of binding to anti-f luorescein 
antibodies immobilised on a solid phase. 

.30 In other embodiments, polyfunctional reagents having one 
or more tagging groups which are labels and members of a 
specific binding pair may be employed as separation tags, 
e.g. using a solid phase such as a bead having the 
binding partner immobilised thereon. For example, a 
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system employing a tagging group which is a fluorescent 
label (e.g. FITC) could be used in conjunction with beads 
on which anti-label antibody was linked to separate 
nucleic acid binding to the polyf unctional reagent by 
5 means of a conventional Fluorescent Activated Cell Sorter 
(FACS machine) . 

In embodiments of the invention in which a solid phase is 
employed, e.g. to capture the polyf unctional reagent, the 

10 solid phase may be a magnetisable material, a tube, a 

well, a tip, a probe, a pipette, a membrane, a filter, a 
bead, a particle, a sheet, a slide, a plug. The solid 
phase can be formed from glass, silica, plastic, a 
mineral, a carbohydrate, paper, or a natural product such 

15 as cellulose, and combinations thereof. 

Preferably, the portion of the polyf unctional reagent 
which is capable of binding the target substance is a 
polymer, although this could include the use of dimeric 
20 or oligomeric reagents. Examples of suitable polymers 
are discussed below and include reagents which are a 
polyhydroxylated amine, a polymerised biological buffer, 
or a polymerised amino acids. Preferred examples of 
these types of reagents include poly Bis-Tris or poly- 

2 5 Tris, polyhistidine, or polyhydroxlyated amines which are 

aliphatic, cyclic or branched, or chitosans, or 
triethanolamines . 

Other preferred types of polymeric polyf unctional 

3 0 reagents comprise a mixed charge polymer, that is an 

amine group surrounded by COOH groups would provide the 
right pK value, polyamine compounds such as a 
polyethyl imine (PEI) , poly DEAE or a poly quaternary 
nitrogen group, polyheterocylic or polyaromatic compounds 



WO 2004/055213 



PCT/GB2003/005496 



such as polyimidazole or polypyridine . 

The skilled person can prepare these materials based on 
the teaching in this application, the applications 
5 referred to herein (especially WO 99/29703 and WO 

02/48164) and their common general knowledge in the art. 

By way of example, in a 1-Step polymerisation reaction, 
monomers can be cross linked, e.g. cross linked Bis Tris, 
10 or formed by addition reactions such as polymerisation of 
vinyl monomers with appropriate functional groups 
included in the one step polymerisation or added later. 

Alternatively, a 2 or more step polymerisation reaction 
15 can be used in which a back bone polymer is formed, 
followed by addition of a pendant group (s) , e.g. a 
backbone of polyacrylic acid, polyacylic amine, polyvinyl 
alcohol, dextran, polyamide, on which Bis Tris or poly- 
Bis Tris groups are linked as the pendant group. 

20 

Additionally, the other functional group can be added 
simultaneously or after addition of the first group as 
described in the example below: 

25 By way of example and not limitation, embodiments of the 
present invention will now be described in more detail 
with reference to the accompanying figures. 

Brief Description of the Figures 

3 0 Figure 1 shows a gel demonstrating that a PolyTris-FITC 
conjugate polyf unctional reagent can be used to 
specifically bind to nucleic acid. 



11 
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Detailed Description 

Charge switch materials are described in WO 99/29703 and 
WO 02/48164 and many of these materials, in particular 
the water soluble polymers and biological buffers, can be 
5 adapted to include tagging groups so that they can be 
used in accordance with the present invention. Charge 
switch materials can be used for binding nucleic acid 
present in a sample by contacting the sample with the 
charge switch material at a first pH at which the charge 

10 switch material has a positive charge and will bind 

negatively charged nucleic acid, and then releasing the 
nucleic acid at a second, higher pH at which the charge 
switch material possesses a neutral, negative or less 
positive charge than at the first pH. In alternative 

15 embodiments, charge switch materials can also be used to 
bind positively charged target substances, in this case 
binding them at a first pH and then releasing the 
substances at a second, lower pH at which the charge 
switch material is neutral, positive or less negative 

2 0 than the first pH. 

Generally the charge switch material will possess an 
overall positive charge, that is the sum of all positive 
and negative charges on the charge switch material as a 

25 whole is positive. It is possible (though not 

preferred) , however, that the charge switch material as a 
whole could be negatively charged, but have areas of 
predominantly positive charge to which the nucleic acid 
can bind. The change in the charge of the material is 

30 referred to herein as "charge switching" and is 

accomplished by the use of a "charge switch material". 
The charge switch material comprises an ionisable group, 
which changes charge to according to the ambient 
conditions. The charge switch material is chosen so that 
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the pKa of the ionisable group is appropriate to the 
conditions at which it is desired to bind nucleic acid to 
and release nucleic acid from the charge switch material. 
Generally, nucleic acid will be bound to the charge 
5 switch material at a pH below or roughly equal to the 
pKa, when the charge switch material is positively 
charged, and will be released at a higher pH (usually 
above the pKa) , when the charge switch material is less 
positively charged, neutral, or negatively charged. 

10 

Similarly, in referring to positively and negatively 
charged target substances, the present invention 
generally means the net overall charge of the target 
substance, although in some circumstances, a target 
15 substance may have charged regions of an opposite charge 
to the net charge that can be bound by an appropriate 
polyf unctional reagent . 

The present invention is more particularly directed to 
20 the use of charge switch materials which allow binding 
and/or releasing (especially releasing) of the nucleic 
acid to occur under mild conditions of temperature and/or 
pH and/or ionic strength. 

25 Generally the charge switch material will change charge 
because of a change in charge on a positively ionisable 
group from positive to less positive or neutral, as the 
pH is increased in a range spanning or close to the pKa 
of the positively ionisable group. This may also be 

3*0- combined with a change of charge on a negatively 

ionisable group from neutral or less negative to more 
negative . 

The charge switch material may comprise an ionisable 

13 



WO 2004/055213 



PCT/GB2003/005496 



group having a pKa between about 3 and 9. For positively 
ionisable groups, the pKa is more preferably at least 
about 4.5, 5.0, 5.5, 6.0 or 6.5 and/or at most about 8.5, 
8.0, 7.5 or 7.0. A particularly preferred pKa for a 
5 positively ionisable group is between about 5 and 8; even 
more preferred is a pKa between about 6.0 and 7.0, more 
preferably between about 6 . 5 and 7.0. The pKa for 
negatively ionisable groups is preferably between about 3 
(3.0) and 7 (7.0), still more preferably between about 4 
10 and 6, further preferably approximately at the pH at 
which it is desired to bind nucleic acid. 

Materials having more than one pKa value (e.g. having 
different ionisable groups) , or combinations of materials 
15 having different pKa values, may also be suitable for use 
as charge switch materials in accordance with the 
invention, provided that at a first (lower) pH the 
material (s) possess (es) a positive charge and that at a 
higher pH the charge is less positive, neutral or 

2 0 negative. 

Generally a charge switch will be achieved by changing 
the pH from a value below to a value above the pKa of the 
or an ionisable group. However, it will be appreciated 
25 that when the pH is the same as the pKa value of a 
particular ionisable group, 50% of the individual 
ionisable groups will be charged and 50% neutral. 
Therefore, charge switch effects can also be achieved by 
changing the pH in a range close to, but not spanning, 

3 0 the pKa of an ionisable group. For example, at the pKa 

of a negatively ionisable group, such as a carboxy group 
(pKa typically around 4) , 50% of such groups will be in 

the ionised form (e.g. COO") and 50% in the neutral form 
(e.g. COOH) . As the pH increases, an increasing 
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proportion of the groups will be in the negative form. 

Preferably the binding step is carried out at a pH of 
below the pKa of the ionisable group, or (though this is 
5 not preferred) within about 1 pH unit above the pKa . 

Generally the releasing step is carried out at a pH above 
the pKa of the ionisable group, preferably at a pH 
between 1 and 3 pH units above the pKa . 

10 The use of strong bases, or weak bases in combination 

with heating, again as in EP 0 707 077 A, can also lead 
to degradation of RNA (especially at pH values of 10 or 
above), and denaturation of double stranded DNA (i.e. 
irreversible conversion of DNA from the double stranded 

15 form at least partially into the single stranded form) , 
which can lead to a lack of specific binding in PCR. 

The appropriate choice of pKa value (s) in accordance with 
the invention allows the step of releasing DNA from the 

2 0 solid phase to be performed under mild conditions, unlike 
in the prior art. As used herein, the term "mild 
conditions" generally means conditions under which 
nucleic acid is not denatured and/or not degraded and/or 
not depurinated, and/or conditions which are 

25 substantially physiological. 

Preferably the releasing step is performed at a pH of no 
greater than about pH 10.5, more preferably no greater 
than about pHlO.O, 9.8, 9.6, 9.4, 9.2, 9.0, 8.9, 8.8, 
30 8.7, 8.6 or 8.5. Depending on the pKa(s) of the charge 

switch material, the releasing step may even be performed 
at lower pH values, such as 8.0, 7 . 5 or 7 . 0 . Preferably 
the releasing step is carried out in the substantial 
absence of NaOH, preferably also the substantial absence 

15 
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of other alkali metal hydroxides, more preferably the 
substantial absence of strong mineral bases. Substantial 
absence may mean that the concentration is less than 
25mM, preferably less than 20mM, more preferably less 
5 than 15mM or lOmM. 

The desired change in pH can be achieved by altering the 
ionic strength of the solution and/or the temperature, 
since pH is dependent on both these factors. However, 

10 neither high temperature nor high ionic strength are 

generally compatible with the desired mild conditions, 
and accordingly, the change in pH is preferably not 
achieved by large changes in ionic strength or 
temperature. Moreover, increasing ionic strength 

15 increases competition of charged species with the nucleic 
acid for binding to the charge switch material, so can 
assist in releasing the nucleic acid. Small changes of 
ionic strength are therefore acceptable and may be used 
in conjunction with the change in pH to release the 

2 0 nucleic acid, preferably within the limits and ranges 
given below. 

Preferably the temperature at which the releasing step 
performed is no greater than about 70°C, more preferably 
25 no greater than about 65°C, 60°C, 55°C, 50°C, 45°C or 
40 °C. More preferably, such temperatures apply to the 
entire process. The releasing step, or the entire 
process, may even be performed at lower temperatures, 
such as 35°C, 30°C or 25°C. 

30 

Furthermore, the releasing step preferably occurs under 
conditions of low ionic strength, suitably less than 1M 
or 500 mM, preferably less than 400mM, 300mM, 200mM, 
lOOmM, 75mM, 50mM, 40mM, 30mM, 25mM, 20mM or 15mM. It 

16 
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may even be below lOmM. The ionic strength may be at 
least about 5mM, more preferably at least about lOmM. 
More preferably, these ionic strengths also apply to the 
binding step. 

5 

PGR is sensitive to pH and the presence of charged 
contaminants. In particularly preferred embodiments, the 
releasing step is performed using reagents suitable for 
storing nucleic acid (such as a commercially available 
10 storage buffer, e.g. lOmM Tris.HCl, pH8.0-8.5, optionally 
in the presence of ImM EDTA) , or using reagents suitable 
for use in a procedure to which the nucleic acid is to be 
subjected (such as a PGR buffer, e.g. lOmM Tris.HCl, 50mM 
KC1 , pH 8.5). 

15 

Common previously known nucleic acid extraction processes 
require a step of diluting the elution product containing 
nucleic acid, to make the solution suitable for e.g. PGR. 
Preferably the present invention substantially avoids 
20 diluting the released nucleic acid. 

Preferably the step of binding DNA occurs under mild 
conditions, suitably at a pH of no less than 3.0, 
preferably no less than 3.5, 4.0, 4.5 or 5.0. Previous 

25 methods have used high concentrations of chaotropic 

agents, such as 8M guanidine . Such conditions may not be 
necessary in the practice of the present invention, in 
which the binding step preferably occurs in solution 
having a total concentration of 1M or less. More 

3 0 preferred temperatures and ionic strengths are as 
detailed above for the releasing step. 

The use of such mild conditions for the release of 
nucleic acid is especially useful for extracting small 
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quantities of nucleic acid, as the extracted DNA or RNA 
can be added directly to a reaction or storage tube 
without further purification steps (e.g. steps 
necessitated by the use of high ion concentrations in 
5 prior art methods) , and without the need to dilute high 
ionic strength (as is the case with prior art methods 
using high ionic strength to elute the nucleic acid) . 
Therefore loss of nucleic acid through changing the 
container, imperfect recovery during purification steps, 

10 degradation, or denaturation, and dilution of small 
amounts of nucleic acid can be avoided. This is 
particularly advantageous when a nucleic acid of interest 
is present in a sample (or is expected to be present) at 
a low copy number, such as in certain detection and/or 

15 amplification methods. 

Broadly speaking, preferred chemical species for use as 
charge switch materials in accordance with the invention 
comprise a positively ionisable nitrogen atom, and at 

2 0 least one, but preferably more than one, electronegative 

group (such as a hydroxy, carboxy, carbonyl, phosphate or 
sulphonic acid group) or double bond (e.g. C=C double 
bond) , which is sufficiently close to the nitrogen atom 
to lower its pKa. It has been found that such molecules 
25 tend to have suitable pKa values for the extraction of 
nucleic acid under mild conditions according to the 
present invention. Preferably at least one (but more 
preferably more than one) electronegative group is 
separated from the ionisable nitrogen by no more than two 

3 0 atoms (usually carbon atoms) . Hydroxyl groups are 

particularly preferred electronegative groups 
(particularly when several hydroxyl groups are present, 
e.g. in polyhydroxyl amines, such as Tris (C (CH 2 0H) 3 -NH 2 ) 
or Bis-Tris (see below) ) , as they (1) lower the pKa of 
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the nitrogen atom (e.g. amine group, e.g. from about 10 
or 11) to a suitable value around neutral (i.e. pKa of 
about 7) , (2) allow the species to remain 

soluble/hydrophilic above the pKa, when the nitrogen atom 
5 of the amine group loses its positive charge, (3) provide 
a site for covalent linkage to a tagging groups and/or 
solid substrates, e.g. a polycarboxylated polymer (such 
as polyacrylic acid), and (4) are uncharged at pH values 
suitable for the releasing step and at which procedures 

10 such as PCR are performed (typically pH 8.5); the 
presence of charged species can interfere with PCR 
especially. Especially preferred are chemical species 
having an ionisable nitrogen atom and at least 2, 3, 4, 5 
or 6 hydroxyl groups . Further examples of 

15 polyhydroxylated amines are dialcohol amine reagents such 
as diethanol amine. In one embodiment, silane reagents 
based on these compounds can be used to attach [H0- 
(CH 2 ) n ] 2-N~ (CH 2 ) m - moieties, where n and m are selected 
from 1 to 10, to tagging groups. 

20 

Many standard, weakly basic, buffers are ideal chemical 
species to provide the ionisable groups of charge switch 
materials, as they have pKa values close to neutral (i.e. 
7) . 

25 

The polyfunctional reagents of the present invention can 
be captured on a solid phase using the interaction of a 
specific binding pair as disclosed herein. One member of 
the specific binding pair is provided as the tagging 
30 group of the polyfunctional reagent and its binding 

partner can be immobilised on a solid phase so that the 
solid phase is then capable of binding to the 
polyfunctional reagent. Solid phases that can be 
derivatised in this way include beads, particles, tubes, 



WO 2004/055213 



PCT/GB2003/005496 



wells, probes, dipsticks, pipette tips, slides, fibers, 
membranes, papers, celluloses, agaroses, glass or 
plastics) in a monomeric or polymeric form via 
adsorption, ionic or covalent interactions, or by 
5 covalent attachment of the binding partner to a polymer 
backbone which is in turn immobilised onto the solid 
support . 

Solid phase materials, especially beads and particles, 
10 may be magnetisable , magnetic or paramagnetic. This can 
aid removal of the solid phase from a solution containing 
the released nucleic acid, prior to further processing or 
storage of the nucleic acid. 

15 Preferably the weakly basic buffers are biological 

buffers, i.e. buffers from the class of buffers commonly 
used in biological buffer solutions. Examples of 
biological buffers may be found in commercial chemical 
catalogues, such as the Sigma catalogue. 

20 

Leaching (i.e. transfer from the solid phase into 
solution in the liquid phase) of chemical species used to 
provide ionisable groups in ion exchange resins is a 
virtually inevitable phenomenon to some extent, 

25 especially when the species are immobilised on the solid 
phase by the interaction of the specific binding pair. 
Such leaching typically causes impurity in the resultant 
product, which can lead to significant problems, 
particularly if the resultant product is intended to be 

3 0 used in PCR (and especially when the species are 

charged) . The use of biological buffers to provide the 
ionisable groups in charge switch materials can avoid 
this problem, since leaching of such buffers into the 
liquid phase will generally not significantly affect the 
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10 



nucleic acid, nor any downstream processes such as PCR to 
which it might be subjected. Indeed, many biological 
buffers are routinely used in PCR buffers, storage 
buffers and other buffer solutions. 

In a particularly preferred embodiment, the releasing 
step takes place in a buffer solution containing the same 
biological buffer that is used in, as or on the charge 
switch material portion of the polyf unctional reagent. 



Examples of suitable biological buffers for use in charge 
switch materials in accordance with the invention, and 
their pKa values, are as follows: 

N-2 -acetamido-2 -aminoethanesulf onic acid + + (ACES) , 
15 pKa 6.8; 

N-2-acetamido-2-iminodiacetic acid (ADA) , pKa 

6.6; 

amino methyl propanediol t (AMP), pKa 8.8; 

3 - 1 , 1 -dimethyl - 2 -hydroxyethyl amino - 2 -hydroxy 
20 propanesulf onic acid t (AMPSO) , pKa 9.0; 

N,N-bis2 -hydroxyethyl- 2 -aminoethanesulf onic acid tt 
(BES) , pKa 7.1; 

N,N~bis-2-hydroxyethylglycine t (BICINE) , pKa 8.3; 

b i s - 2 - hy dr oxy e t hy 1 iminotris hy dr oxyme t hy 1 methane + * 
25 (Bis-Tris) , pKa 6.5; 

1, 3-bistrishydroxymethylmethylaminopropane (BIS- 
TRIS Propane), pKa 6.8; 

4 -cyclohexylamino-1 -butane sulfonic acid (CABS) , pKa 

10 . 7; 

30 3 -cyclohexylamino-1 -propane sulfonic acid (CAPS) , 

pKa 10.4; 

3 -cyclohexyl amino- 2 -hydroxy- 1 -propane sulfonic acid 
(CAPSO) , pKa 9.6; 

2-N-cyclohexylaminoethanesulf onic acid (CHES) pKa 9.6; 

21 
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3- N,N-bis-2- hydroxye t hy 1 amino - 2 - 
hydroxypropanesulf onic acid tt (DIPSO) , pKa 7.6; 

N- 2 -hydroxyethylpiperazine-N-3 -propanesulf onic acid 
tt (EPPS or HEPPS) , pKa 8.0; 
5 N-2 -hydroxyethylpiperazine-N-4 -butanesulf onic acid t 

(HEPBS) , pKa 8.3; 

N-2 -hydroxyet hylpiperazine -N-2- ethanesulf onic acid 
tt (HEPES) , pKa 7.5; 

N-2 -hydroxyethylpiperazine -N- 2 -propane sulfonic acid 
10 tt (HEPPSO) , pKa 7.8; 

2 - N-morpholinoethanesulf onic acid t (MES) , pKa 6.1; 

4- N-morpholinobutanesulf onic acid tt (MOBS) , pKa 

7.6; 

3 - N-morpholinopropanesulf onic acid tt (MOPS) , pKa 

15 7.2; 

3 -N~morpholino- 2 -hydroxypropanesulf onic acid t t 
(MOPSO) , pKa 6.9; 

piperazine-N-N-bis-2-ethanesulf onic acid tt (PIPES) , 
pKa 6.8; 

2 0 piperazine-N-N-bis- 2 -hydroxypropanesulf onic acid t t 

(POPSO) , pKa 7.8; 

N - 1 r i s hydroxyme t hy 1 - me t hy 1 - 4 - am i nobu t anesulfonic 
acid t (TABS), pKA 8.9; 

N-trishydroxymethyl -methyl -3 -aminopropanesulf onic 
25 acid tt (TAPS), pKa 8.4; 

3 -N- trishydroxymethyl -methylamino-2 - 
hydroxypropanesulf onic acid tt (TAPSO) , pKa 7.4; 

N- trishydroxymethyl -methyl- 2 -aminoethanesulf onic 
acid tt (TES) , pKa 7.4; 

3 0- N-trishydroxymethylmethylglycine t (TRICINE) , pKa 

8.1; and 

trishydroxymethylaminomethane t (TRIS) , pKa 8.1; 
histidine*, pKa 6.0, and polyhistidine tt; 
imidazole*, pKa 6.9, and derivatives* thereof (i.e. 
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imidazoles) , especially derivatives containing hydroxyl 
groups** ; 

triethanolamine dimers**, oligomers** and 
polymers**; and 

5 di/tri/oligo amino acids**, for example Gly-Gly, pKa 

8.2; and Ser-Ser, Gly-Gly-Gly, and Ser-Gly, the latter 
three having pKa values in the range 7-9. 

In a preferred embodiment, the buffers marked above with 
an asterisk (*) are not considered to be biological 
buffers for the purposes of the invention (whether or not 
they are designated as such in any chemical catalogue) . 
In a more preferred embodiment, those marked with two 
asterisks (**) are also not considered to be biological 
buffers. Preferred biological buffers are marked with a 
dagger (t), more preferred buffers are marked with two 
daggers (ft), still more preferred buffers are marked 
with a double dagger (t) and most preferred buffers are 
marked with two double daggers (**) . 

These and other chemical species comprising ionisable 
groups are typically employed as polymers, preferably 
following condensation polymerisation) . 

25 Biological buffers and other chemical species comprising 
positively ionisable groups may be used in conjunction 
with a chemical species containing a negatively ionisable 
group which has a suitable pKa, preferably in the ranges 
described above. For example a biological buffer (having 

30" one or more positively ionisable nitrogen atoms) may be 

attached to a polymer or other solid phase material which 
has exposed carboxy groups even after attachment of the 
biological buffer. Such a material may bind nucleic 
acids at a low pH when few of the carboxy groups are 
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negatively charged (i.e. few are in the COO" form, most 
being in the COOH form) and most of the ionisable 
nitrogen atoms are positively charged. At higher pH the 
negative charge is stronger (i.e. a greater proportion of 
5 carboxy groups are in the COO" form) and/or the positive 
charge is weaker, and the nucleic acid is repelled from 
the solid phase. 

Chemical species containing ionisable groups (such as the 
10 biological buffers listed above) can be attached to a 

polymer backbone using known chemistries. For example a 
chemical species containing a hydroxyl group can be 
attached using carbodiimide chemistry to a carboxylated 
polymer backbones. Other chemistries include can be 
15 employed by someone skilled in the art using other 

polymer backbones (e.g. based on polyethylene glycol 
(PEG) or carbohydrate) using a range of standard coupling 
chemistries (see e.g. Immobilised Affinity Ligand 
Techniques, Greg T. Hermanson, A. Krishna Mallia and Paul 
20 K. Smith, Academic Press, Inc., San Diego, CA, 1992, 
ISBN 01234233 09, which is incorporated herein by 
reference in its entirety.) 

Alternatively, the chemical species containing ionisable 

2 5 groups can be polymerised without a backbone polymer, 

using cross -linking agents, for example reagents that 
couple via a hydroxy group (e.g. carbonyldiimidazole , 
butanediol diglycidyl ether, dialdehydes, 
diisothiocyanates) . Polymers may also be formed by 

3 0 simple condensation chemistries to generate polymeric 

amino acids with the appropriate pKa e.g. Gly-Gly. 

Preferably such immobilisation, attachment and/or 
polymerisation of the chemical species containing the 
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ionisable group does not affect the pKa of the ionisable 
group, or leaves it in the desired ranges given above. 
For example it is generally preferred not to couple or 
polymerise the chemical species via a positively 
5 ionisable nitrogen atom (in constrast for example to 
W097/2982) . In the practice of the invention, it is 
especially preferred to immobilise, attach and/or 
polymerise the chemical species via an hydroxyl group. 

10 A preferred polymeric material is a dimer or oligomer of 
Bis-Tris or Tris, or a material formed by attaching a 
plurality of Bis-Tris or Tris molecules to a polyacrylic 
acid backbone, e.g. by reacting Bis-Tris or Tris monomer 
with polyacrylic acid using 1 -ethyl -3 - dimethyl aminopropyl 

15 carbodiimide (EDC) . The polymer can then be easily 

separated from the reactants using dialysis against a 
suitable reagent or water. Preferably the polyacrylic 
acid has molecular weight of between about 500 and 5 
million or more. More preferably it has a molecular 

20 weight of between 100,000 and 500,000. 

The nature of the resultant Bis-Tris or Tris/polyacrylic 
acid molecule will depend on the ratio of the coupled 
components, since the polymer will have different 

25 properties depending on the proportion of the acrylic 

acid groups that are modified with Bis-Tris or Tris, for 
example it is desirable for some carboxy groups to remain 
unmodified, as the presence of these will not prevent the 
Bis-Tris or Tris from binding nucleic acid at low pH 

30 (especially if the Bis-Tris or Tris is in excess) , but 
their negative charge at higher pHs will assist with 
release of the nucleic acid. For use in the present 
invention, the molar ratio of Bis-Tris or Tris: carboxy 
groups (before attachment) is preferably between 5:1 and 
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1:5, more preferably between 3:1 and 1:3, still more 
preferably between 2:1 and 1:2, further preferably 
between 1.5:1 and 1:1.5, and most preferably about 1:1. 

5 The presence of high residual charge (i.e. charged 
species present in solution along with the extracted 
nucleic acid) may adversely affect the analysis of 
nucleic acids by PGR, or interfere with the binding of 
primers, dNTPs or polymerase to the nucleic acid, or to 
10 the sequestration of Mg 2+ ions, which are essential to 
PGR. It is particularly preferable to avoid residual 
positive charge. 

Preferred materials for use in the invention, such as the 
15 biological buffers described above, possess minimal 

residual positive charge (preferably minimal residual 
charge) at the pH at which the nucleic acid is released, 
and/or at pHs 8-8.5, making interference with or 
inhibition of downstream processes unlikely. 

20 

Further examples of charge switching molecules for 
nucleic acid purification are based on detergents or 
surfactants that have a hydrophobic portion and a 
hydrophilic portion which comprises a positively 

2 5 ionisable group with a suitable pKa, e.g. decyl methyl 

imidazole or dodecyl-Bis-Tris . These 

detergents/surfactants can be adsorbed onto surfaces e.g. 
plastic via their hydrophobic portions and the 
hydrophilic (ionisable) portions can be used to capture 

3 0 nucleic acid. 

Another family of suitable materials for capture and easy 
release of nucleic acids are carbohydrates e.g. 
glucosamine, polyglucosamine (including chitosans) , 
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kanamycins and. their derivatives, i.e. sugar ring based 
structures containing one or more nitrogen atoms 
surrounded by hydroxyl groups which may also contain 
other groups such as acetate or sulphate groups to 
5 provide a suitable pKa for binding and release of nucleic 
acids . 

Another group of materials with suitable pKa values are 
nucleic acid bases, e.g. cytidine (pKa 4.2). These can 
10 be immobilised via hydroxy groups to a polymer or solid 
phase carboxy group using carbodiimides . 

A still further group of materials having members with 
suitable pKa values are heterocyclic nitrogen- containing 
compounds. Such compounds may be aromatic or aliphatic 
and may be monomers, oligomers or polymers, such as 
morpholine-, pyrrole-, pyrrolidine-, pyridine-, 
pyridinol-, pyridone-, pyrroline-, pyrazole-, 
pyridazine-, pyrazine-, piperidone-, piperidine-, or 
piperazine-containing compounds, e.g. polyvinylpyridine . 
Such compounds may be substituted with electronegative 
groups to bring the pKa value (s) of the ionisable 
nitrogen atom(s) into an acceptable range, e.g. as 
defined above. However, in some compounds this may not 
be necessary, the pKa already being in such a range. 

A still further group of charge switch materials for 
binding nucleic acid have surface amine groups, and in 
particular amine groups which are not polyamines. These 
3 0 monoamine groups can be represented by the formula -NRiR 2 , 
where R x and R 2 are hydrogen or substituted or 
unsubstituted alkyl . Although these materials typically 
have pKa values which at higher than those of materials 
used in preferred embodiments of the invention, they can 
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be employed in the extracting of nucleic acid, optionally- 
employing them with negatively charged species as 
described herein to modify the overall pKa of the charge 
switch material . 

5 

A further group are materials that provide ionisable 
groups capable of acting as charge switch materials and 
binding nucleic acid are dyes, and in particular 
biological dyes having pKas between 5 and 8 . 

10 

Preferred materials for use in accordance with the 
invention are hydrophilic, for example comprising charge 
switch materials which are (or which comprise chemical 
species which before immobilisation or polymerisation 
15 are) water soluble. 

Once a suitable charge switch material has been prepared, 
repeated capture and release of nucleic acids can be 
performed by adjusting the pH up or down. Thus 

20 sequential reactions or analysis can be performed on the 
nucleic acids using the same charge switch material. For 
example, DNA can be isolated from a biological sample 
using a PCR tube comprising a charge switch material . 
Then, following PCR, the amplified DNA product may be 

25 isolated from the buffer constituents or primers by 
adjusting the pH in the same tube. 

The compositions and methods of the present invention can 
be used to separate single stranded RNA or DNA from 
3 0 double stranded DNA, because of the different charge 
densities on single and double stranded molecules, by 
appropriate manipulation of the pH or salt concentration. 
Typically, single stranded molecules will be released 
from binding to the charge switch material at a lower pH 
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than double stranded molecules. 

In some circumstances, for example for the construction 
of gene chips, and for the preparation of probes, it may 
5 be desirable to produce single stranded DNA. 

Manipulation of pH and/or ionic strength can assist in 
purification and release of single stranded nucleic acid. 
The method of the invention may comprise a prior step of 
converting double stranded nucleic acid in the sample to 

10 single stranded nucleic acid (preferably using a strong 
base, e.g. lOOmM NaOH, or, a weak base at high 
temperature, e.g. 60-100°C). The charge switch is 
preferably then added simultaneously with a buffer which 
changes the pH of the sample to the pH for binding single 

15 stranded nucleic acid (typically a pH of 4-7) . In an 
alternative embodiment, ssDNA could be obtained by 
binding dsDNA to the polyf unctional reagent, immobilising 
the reagent on a solid phase though the interaction of a 
specific binding pair and then using heat to denature the 

20 dsDNA to form ssDNA. This approach would be particularly 
useful to provide ssDNA for use in an assay for 
infectious disease . 

The methods of the invention preferably include one or 
25 more washing steps between the binding and releasing 
steps. Such (a) washing step(s) will generally be 
carried out at said first pH, or a pH above said first pH 
but lower then said second pH, such that the nucleic acid 
is substantially not released during the washing step(s) . 

3 0 

As has been indicated previously, the methods of the 
invention are particularly suitable for extracting 
nucleic acid which is then stored or further processed 
(e.g. by PGR), particularly when the charge switch 
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material is in the form of e.g. a tube or well in which 
such storage and/or processing can occur. For the 
avoidance of doubt, however, it is emphasized that the 
releasing step and any subsequent storage or processing 
5 need not be carried out as discrete steps, but can 

coincide, when said storage or processing occurs at a pH 
at which release of the nucleic acid occurs. For 
example, the method of the invention includes binding 
nucleic acid to a charge switch material coated on or 
10 otherwise provided by a PCR tube, washing the bound 

nucleic acid, and then without a separate releasing step 
commencing the PCR reaction using a PCR buffer which 
causes release of the nucleic acid. 

15 In a further aspect, the present invention provides novel 
charge switch materials for use in the methods of the 
receding aspects. It further comprises the use of such 
charge switch materials in such methods. All preferred 
features of the charge switch materials described in 

20 above in the context of the methods apply equally and 
independently to the present aspect of the invention 
(i.e. preferred combinations of features may be different 
in relation to this aspect from the preferred 
combinations in relation to the method aspects) . 

25 

Example 1 

A mouse monoclonal antibody raised against fluorescein 
isothiocyanate (FITC) was coated onto 300ul wells of a 
polystyrene microtitre plate using 0 . 1M NaHC03 at an 
30 antibody concentration of 4 . 6ug/ml . After washing in 
0.15M NaCl, the plates were ready to use. 

To each row of wells DNA was added in a 5 0mM potassium 
acetate buffer at pH4 . Wells A - D contained DNA at 
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20ug/ml, wells E - H contained DNA at lOOug/ml. Uncoated 
wells were used as a control to detect non-specific 
binding. To every well, doubling dilutions of Poly Tris 
coupled to FITC were added and incubated for 1 hour at 
5 ambient. The Poly Tris polymer was prepared according to 
DRI patent applications US 09/586,009 or WO 02/48164 then 
coupled to FITC in a 0 . 1M NaHC0 3 buffer by mixing FITC 
with the Poly Tris at a ratio of approximately 1.25mg to 
5mg respectively. Following dialysis, the conjugated 
10 polymer (PT-FITC) was ready to use. 

In certain rows, the PolyTris-FITC conjugate was omitted 
to estimate non-specific binding of the DNA. 

15 Having captured the DNA at pH4 and washing the wells with 
water, the DNA could be recovered by adjusting the pH to 
8.5 with lOOul lOmM Tris HCl . The gel pictures (Fig 1) 
and PicoGreen quantitation results (Table 1) indicate 
specific binding of DNA from the liquid. 

20 

Example 2 

This example employed biotin labelled poly Bis-Tris and 
streptavidin coated plates. Biotin labelled poly Bis- 
Tris was prepared by mixing Biotin with EDC and an excess 

25 of poly Bis-Tris. For example, 1 gram of poly Bis-Tris 

was mixed with 200 mg of biotin, 160 mg of EDC in 45ml of 
0.1M imidazole buffer pH6 . 5 to give approximate % wt 
ratios of biotin to PBT of 20%. Following an overnight 
incubation and exhaustive dialyis, the polymer was 

3 0 ready for use. The streptavidin coated plates were 

prepared by adding 3 0 0ul of streptavidin at about 75ug/ml 
in 0.1M NaHC03 with 0.1% glutaldehyde to each well of a 
black polystyrene microtitre plate. After an overnight 
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incubation, the plate was washed thoroughly with a saline 
solution and air dried. 

To a series of wells, dilutions of the biotin-PBT was 
5 added in lOmM Tris HCl pH8 . 5 and incubated for 3hours . 
The plates washed in the same buffer and then treated 
with a DNA solution. A solution of calf thymus DNA was 
made up to 17ug/ml in 16mM potassium acetate pH4 and 
200ul added to each well. After incubating for 3h at RT, 
10 the wells were washed with water and a solution of 
Picogreen added directly to each well. 

Results for 20% Biotin-Poly Bis-Tris 

Dilution of Biotin-PBT DNA yield (ng) 

15 1/30 15 

1/50 15 

1/90 15 

1/170 12 

1/330 13 

20 No Biotin-PBT 6 

No Biotin-PBT 6 

No Biotin-PBT m 6 

The results show the presence of the Biotin-PBT has 
25 increased the binding capacity for DNA over the non- 
treated wells and that the streptavidin coated on the 
plates is capable of binding to the biotinylated portion 
of the nucleic acid binding reagent. The method is also 
effective when the DNA from the sample bound to the 
30 polyf unc'tional reagent prior to contact with the solid 
phase . 
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Example 3 

This example used biotin labelled poly Bis-Tris and 
streptavidin coated Tip Plugs. A 3 0um pore sintered 
plastic plug was coated with Streptavidin as described 
5 above by soaking the plugs for 2 days and then washing 

away any unbound material . The plug was then washed in a 
solution of 20%Biotin-PBT in lOmM Tris-HCl pH8 . 5 by 
inserting the plug into a 1ml pipette tip and pumping 
repeatedly. The unbound polymer was then washed away 
10 using the same buffer and the Tip Plug was ready for use. 

To test the coated plug, lOug of Lambda DNA was added to 
lOOul of serum with 1ml of DRI lysis buffer (DRI part No. 
C033) and lOul of proteinase K at 20mg/ml. After an 

15 incubation period of 15 minutes with mixing, lOOul of 

1 . 6M potassium acetate and potassium chloride buffer pH4 
was added and mixed. This solution was then pumped 
across the tip plug several times to bind the DNA. The 
plug was then washed with water and the DNA eluted with 

2 0 2 0 0ul of lOmM Tris-HCl pH8 . 5 by pumping several times. 
The eluted DNA was analysed by uv and gel 
electrophoresis . 



Results 260/280nm 

25 2 6 0nm 280nm 
0.11 0.061 
0.05 0.04 



ratio yield 
1.8 1 . lug 

1.25 0 



Biotin-PBT plug 
Biotin-PBT plug 
serum only- no 
DNA 



3 0 These results show that the biotin-poly Bis-Tris 

selectively binds the DNA from biological samples. The 
low 260/280 ratio of the eluted material from the control 
indicates that little or no DNA is present and this was 
confirmed by gel electrophoresis. The method is also 
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effective when the DNA from the sample bound to the 
polyf unctional reagent prior to contact with the solid 
phase . 

5 Table 1. DNA recovered from each well using lOOul of 
elution buffer at pH 8.5. 



DNA Yield (ug/ml) 



sample 


H 


G 


F 


E 


D 


C 


B 


A 


Row 1 
Antibody 
coated. 
PT-FITC 


4 . 53 


4 . 53 


19.5 


16 .42 


1 . 19 


0 . 85 


1 . 0 


0 . 95 


Row 2 
Antibody 
coated. 
No PT- 
FITC 


1 . 4 


1 . 7 


1 . 25 


1 . 82 


1 .23 


0 . 84 


0 . 86 


1 . 08 


Row 3 
No 

antibody. 
PT-FITC 


0 .87 


0 . 6 


0 . 93 


1 . 17 


0 . 77 


0 . 34 


0 . 81 


0 .43 


ROW 4 
No 

antibody. 
No PT- 
FITC 


0 . 5 


0 .39 


0 .29 


0 . 27 


0 . 61 


0 .46 


0 .26 


0 . 82 



10 

The references cited herein are all expressly 
incorporated by reference in their entirety. 
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Claims t 

1. A soluble polyf unctional reagent which is capable at 
a first pH of binding to a target substance and is 
capable at a second pH of releasing the target substance, 

5 wherein the reagent further comprises a tagging group for 
manipulating or detecting the target substance when bound 
to the polyf unctional reagent . 

2. The polyf unctional reagent of claim 1, wherein the 
10 reagent is capable of reversibly binding to the target 

substance at a first pH at which the reagent is 
positively charged and releasing the nucleic acid at a 
second, higher pH at which the reagent is less positive, 
neutral or negatively charged. 

15 

3. The poly functional reagent of claim 2, wherein the 
reagent has positively ionisable groups having a pKa 
between 4 . 5 and 8.5. 

20 4. The polyf unctional reagent of claim 2 or claim 3, 

wherein the first pH at which the target substance binds 
is no less than pH 3 . 0 and the second pH at which the 
target substance is released is between pH 7 . 0 and 9.0. 

25 5. The polyf unctional reagent of any one of the 

preceding claims, wherein the target substance is nucleic 
acid . 

6. The polyf unctional reagent of claim 5, wherein the 
3 0 nucleic acid is single or double stranded DNA, RNA or 

oligonucleotides . 

7. The polyf unctional reagent of claim 5 or claim 6, 
wherein the nucleic acid is non-genomic nucleic acid, 
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cellular vector DNA or RNA, self -replicating satellite 
nucleic acids or plasmid DNA, genomic nucleic acid, host 
cell chromosomes or ribosomal RNA. 

5 8. The polyfunctional reagent of claim 1, wherein the 
reagent is capable of reversibly binding to the target 
substance at a first pH at which the reagent is 
negatively charged and releasing the nucleic acid at a 
second, lower pH at which the reagent is less negative, 
10 neutral or positively charged. 

9 . The polyfunctional reagent of claim 8 , wherein the 
reagent has negatively ionisable groups having a pKa 
between 3 . 0 and 7.0. 

15 

10 . The polyfunctional reagent of any one of the 
preceding claims, wherein the target substance is a 
protein, a polypeptide, a cell or a component of a cell, 
a lipid, a carbohydrate, a virus or a microorganism. 

20 

11. The polyfunctional reagent of any one of the 
preceding claims, wherein reagent releases the target 
substance : 

(a) substantially in the absence of strong mineral 
2 5 base; and/or 

(b) at a temperature which is less than 70 °C; 
and/or 

(c) at an ionic strength which is below lOOmM. 

30 12. The polyfunctional reagent of any one of the 
preceding claims, wherein the reagent is a 
polyhydroxylated amine, a polymerised biological buffer, 
or a polymerised amino acids . 
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13. The polyf unctional reagent of claim 12, wherein the 
reagent is poly Bis-Tris, poly-Tris, polyhistidine , a 
polyhydroxylated amine, a chitosan, or a triethanolamine . 

5 14 . The polyf unctional reagent of any one of the 
preceding claims, wherein the reagent comprises a 
plurality of tagging groups. 

15 . The polyf unctional reagent of any one of the 
10 preceding claims, wherein the tagging group is a member 

of a specific binding pair which is capable of binding to 
a specific binding partner and/or the tagging group is a 
label . 

15 16. The poly functional reagent of claim 15, wherein the 
specific binding pair is an antibody and an antigen, a 
label and an antibody capable of binding the label, 
biotin and avidin or streptavidin, a ligand and a 
receptor, a lectin and a carbohydrate, an enzyme and a 

2 0 cof actor or substrate, a bacteriophage binding to 
microbial cell walls or a component thereof, cells 
binding via receptors or antibodies or lectins, 
oppositely charged ionic groups, redox/electrochemical 
groups, a chelating group and its binding partner, ' two 

2 5 hydrophobic substances that are capable of binding to a 

each other in an aqueous system, a nucleic acid 
intercalating group and nucleic acid, or a nucleic acid 
molecule capable of hybridising to a complementary 
nucleic acid sequence. 

3 0 

17. The polyfunctional reagent of claim 15 or claim 16, 
wherein the label is a fluorescent label. 

18 . The polyfunctional reagent of any one of claims 15 
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to 17, wherein the specific binding pair is biotin and 
avidin, biotin and streptavidin, fluorescein 
isothiocyanate (FITC) and an anti-FITC antibody, an anti- 
digoxygenin antibody and digoxygenin, maltose binding 
5 protein and maltose, glutathione binding to GST, an 

ethidium bromide or Cy3 intercalating group and nucleic 
acid, Ni 2+ ion and polyhistidine , or Concanavalin A 
binding to sugar residues. 

10 19. A kit comprising a polyf unctional reagent of any one 
of the preceding claims, optionally in combination with a 
solid phase on which the polyf unctional reagent is bound 
or is capable of binding. 

15 20. The kit of claim 19, wherein the solid phase is a 

magnet isable material, a tube, a well, a tip, a probe, a 
pipette, a membrane, a filter, a bead, a particle, a 
sheet, a slide, a plug. 

20 21. The kit of claim 20, wherein the solid phase is 
magnetic or paramagnetic beads. 

22. The kit of any one of claims 19 to 21, wherein the 
solid phase is formed from glass, silica, plastic, a 

25 mineral, a carbohydrate, paper, a cellulose or a 
combination thereof . 

23. A method employing a soluble polyf unctional reagent 
of any one of claims . 1 to 18, wherein the reagent further 

3 0 comprises a tagging group for manipulating or detecting 
the target substance when bound to the polyf unctional 
reagent, the method comprising: 

contacting a sample containing a target substance 
with the polyfunctional reagent under conditions such 
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that the target substance binds to the polyf unctional 
reagent ; and 

manipulating or detecting the reagent and/or the 
bound target substance by employing the tagging group. 

5 

24. The method of claim 23, wherein manipulating the 
reagent using the tagging group comprises contacting the 
polyf unctional reagent binding to the target substance 
with a solid phase on which the binding partner of the 
10 specific binding member has been immobilised so that the 
specific binding pair bind and separating the 
polyf unctional ised reagent and any bound target 
substance . 

15 25. The method of claim 24, wherein the polyf unctional 
reagent comprises a detectable label that is a specific 
binding member capable of binding to a binding partner 
immobilised on a solid phase. 

20 26. The method of claim 25, wherein the polyf unctional 
reagent comprises a fluorescent label and the binding 
partner comprises antibodies capable of binding to the 
fluorescent label immobilised on the solid phase. 

25 27. The method of claim 26, wherein manipulating the 

reagent using the tagging group comprises separating the 
target substance binding to the polyf unctional reagent by 
means of a fluorescent activated cell sorter. 

30 28. A method employing a soluble polyf unctional reagent 
of any one of claims 1 to 18, wherein the reagent further 
comprises a tagging group for manipulating or detecting 
the target substance when bound to the polyf unctional 
reagent, the method comprising: 
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contacting the polyf unctional reagent with a solid 
phase having immobilised thereon a member of a specific 
binding pair capable of binding to the tagging group so 
that the polyf unctional reagent binds to the solid phase; 
5 contacting a sample containing a target substance 

with the polyf unctional reagent under conditions where 
the target substance binds to the polyf unctional reagent. 

29. The method of any one of claims 23 to 28, wherein 
10 the target substance is nucleic acid. 

30. The method of any one of claims 23 to 29, wherein 
the solid phase is a magnetisable material, a tube, a 
well, a tip, a probe, a pipette, a membrane, a filter, a 

15 bead, a particle, a sheet, a slide, a plug. 

31. The method of claim 30, wherein the solid phase is 
magnetic or paramagnetic beads. 

20 32. The method of any one of claims 23 to 31, wherein 

the solid phase is formed from glass, silica, plastic, a 
mineral, a carbohydrate, paper, a cellulose or a 
combination thereof. 

25 33. A polyfunctional reagent which is capable at a first 
pH at which the reagent is positively charged of binding 
to a target substance and is capable at a second, higher 
pH at which the reagent is less positive, neutral or 
negatively charged of releasing the target substance, 

3 0 wherein the reagent further comprises a tagging group for 
manipulating or detecting the target substance when bound 
to the polyfunctional reagent and wherein the reagent has 
positively ionisable groups having a pKa between 4.5 and 
8.5. 
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